Abstract. Advertisements placed near roads can pose a hazard to road safety because they attract the driver's attention. Many attempts to describe and reduce this impact have been done. However, existing regulations treat this problem differently in different countries which demonstrates the significant difficulties in defining and investigating the impact factors of advertisements on driver behaviour. Pilot studies have been done using the eye-tracker and vehicle simulator. Based on the analysis of driver perception in a programmed and repeatable environment an attempt was made to select key factors influencing their attention in terms of the content of advertisements, the size and location in relation to the road and the personality of drivers.
Introduction
The basic intention of outdoor advertising is to attract the observer. From the road safety point of view it is antagonistic to the need of road observation. It is obvious that placing advertisements in the field of view of drivers can negatively influence safety. There are a number of factors that describe and affect distraction during driving. But it is not obvious which ones are really important for safety. They include: the size of billboards, their brightness, position regarding driver field of view. But the content and shape of the ad seem to be most important. Driver perception and behaviour is also influenced by human factors such as habit. The question arises: how to define and measure the influence of ads on drivers' attention. National or local governments decide whether a given advertisement should be allowed or prohibited. As a result, there are different regulations regarding advertisements near roads in different countries, starting from total prohibition of advertisements close to the roads to allowing them nearly everywhere. Nevertheless, there is an objective need to properly regulate this area. A lot of times the decisions to place advertising are subjective [1] . In such attempts there are hidden difficulties with "measuring" the content and shape of the advertisement [2] [3] [4] [5] [6] [7] . There were also many experimental tests investigating the influence of ads on driver behaviour. Test were conducted with drivers in real traffic and in driving simulator conditions. They reported various results which depend on arbitrarily chosen test parameters such as lane control, time of reaction, scenario, etc. [8-13], Many tests concern different driving parameters in relation to the very simple state of ads or no ads. The difficulty is that researchers usually try to establish whether the advertisement changes any of measurable parameters such as trajectory, speed or driver workload. The choice of content of ads used for the tests is usually subjective with a very general description [4, 8, 10] . Generally, changes were observed in some measurable parameters but other results showed no changes [12] . The influence of the content of an ad was not tested in any of the known research. It defined in a very general and subjective way, e.g. a negative or positive emotional load [13] . The important question is how big is this emotional load, how to classify it and how different persons react depending on personal characteristics and life experiences. When the number of people is relatively low the results might strongly depend on it.
The tests described below were intended to investigate the influence of the content of an ad on driver attention. It was expected that such influence actually occurs but there was no reference as to how much and how. Therefore the goal was to obtain a general view if such a phenomenon existed and to find directions for further research. The tests were not intended to obtain quantitative values. Because of its preliminary character and not many participants, the statistical analysis would not be very useful and might be misleading because of the small number of test persons. The objective was to detect how much the driver can be attracted by different content, size and placement of ad. The investigators look for general results only, using eye tracking which helps to quickly understand whether the driver was attracted or not by an ad. Future more advanced test with restricted test conditions will be the next step and quantitative findings will be studied for their influence on road safety.
The conditions of the experiment
The tests were conducted in a driving simulator AS1200-6. This simulator consists of a passenger cabin positioned on a system of hydraulic actuators. Before the cabin there is a cylindrical screen for projecting digital dynamic images simulating road scenarios. Additionally, there are displays of rear view mirrors. All vehicle controlling devices and cockpit displays are like those in a regular passenger car. This equipment allows for realistic driving in a computer controlled environment. The main advantage of this kind of experiment was the possibility to create situations which are very difficult to obtain in real road conditions because of safety. Also the repeatability of driving scenarios was higher. During the experiment, areas of driver sight concentration were registered. For this purpose SMI eye-tracking system was used. Heat maps were used which represent absolute gaze duration. The sensor device was in the form of glasses (Fig. 1.)   Fig. 1 . SMI eye tracking system in the form of glasses.
Driving with the glasses is similar to real conditions. However, some negative phenomena were observed. Some female drivers and people wearing correction glasses were excluded from the experiment because of the sensitivity of the eye tracking device to long eyelashes and optical glasses. Also the calibration of the device can significantly influence the accuracy of the results. For example, if there is a road or traffic sign close to the advertisement, it can be confusing as to what is the object of the driver's interest. If the driver touches the glasses during driving, there is a shift and misinterpretations follow. Therefore, a calibration check is crucial to ensure correct interpretation of the results. Another issue which was considered important for the results was personality traits of the test person. Just as in real road conditions, extremely different reactions were observed starting from no interest for ads for the majority of the subjects to significant interest for two of them. Because of the restricted resources, 19 subjects were chosen from about 100 candidates of different age, sex, and experience as drivers. The results of three of them were not used because of problems with calibration of the eye tracking device and simulator illness. Table 1 shows sex, age and experience as driver. The main interest was sensitivity to the contents of the ads. Basically, it was expected that qualitative tendencies will be found because the sample was not big and not versatile enough to formulate general opinions. To attract drivers' attention, the billboards were densely located and differently positioned. Another expectation was to identify the influence of geometric size and position in relation to trajectory of driver sight. Brightness and illumination were not tested because of the restrictions of simulator projectors. To prepare various advertising content, four independent people subjectively selected hundreds of pictures which were rather unusual and not present in real road traffic. All samples were selected by another five different unaware persons with the help of the computer display and eye-tracking system. A notable percentage of chosen advertisements had erotic content, because of the general opinion of being eye-catching and often used in outdoor advertisements. The AOI was very clearly defined as ad billboards area introduced in a city and non city driving scenario (see examples on Fig. below) .
The whole time the driver's field of view included ads (3 to more than 10 big billboards of angular size more than 5º in the moment of passing). The intention was to attract drivers' attention as much as possible. The test track was about 7 km long driven for 10 -15 min. There were 112 billboards. Before the tests each participant had about 5 minutes to drive in a similar driving scenario but without advertisement. Drivers were not informed about the purpose of the test. They believed that they were testing eye tracking equipment.
Tests results
Heat maps were used as a measure of the results representing absolute gaze duration. It is a sufficient measure for preliminary analysis because it represents longer average perception and interest in the object. The value of 0.5 s was chosen as a minimum to be treated as a noticeable attraction of the driver's attention. Because the environment was specially prepared, a significantly higher number and time of fixations on advertisements was obtained compared to real road conditions. All tested persons have some fixations starting from 2-3 ads during the test drive up to over 30. Most persons look at about 10 ads. Similarly to the real road conditions, there were significant differences between tested drivers. Three of the tested persons (no 3, 10 and 16) had significantly more time and numbers of fixation than the others. It was expected that the reactions will be repeatable (e.g. the same ad and/or positioned in the same place attracts more than one driver). But it was found that it is not such a simple rule. It is interesting that different persons looked at essentially different ads but only some ads were perceived by more than one person. To give an adequate impression nearly all fixation should be presented one by one. But the valuable result of this test is that the selection of subjectively different content causes more interest than ads present in real road conditions. Erotic content was expected to be affecting male drivers. But it attracted also some females even though interest dispersion was observed for different ads among tested drivers. Evaluation of driver interest using general criteria such as erotic content or fashion or unnatural content were found not representative. There is no measure for "intensity" or oddity. To obtain qualitative statistically significant results more test persons would have to participate and/or more test drives would have to be conducted. Otherwise the attributes assigned to content would have the nature of an artefact. The main problem is that drivers have the basic task to control driving trajectory, road sign etc. Time devoted to ads was relatively short. And depending on the traffic situation and driver experience the choice of ad and time was random. In the test the environment was significantly different from that in a commercial ad test with eye-tracking. The time for perception is much longer and other tasks are less important. Nevertheless, a qualitative observation of such a simple measure as heat maps led to a significant conclusion that most of the test persons looked at very many ads which were neither the same nor comparable. Some characteristic examples of perception obtained during tests are presented in Fig. 2. to Fig. 11 . Fig. 2 . presents a typical road traffic observation during driving. In Fig. 3 . we can see ads competing with the traffic situation and driver behaviour was not risky. Fig. 4 . shows the same place but with a different driver and a longer distraction with another billboard with unusual content (closer to sight trajectory) but without meaningful traffic incentives. It is difficult to define in an objective and repeatable manner the reasons why. The billboard was placed close to the eye position during driving -close to right shoulder. This is because that peripheral view can be used to control driving. It needs more investigation to find if this is content-related or due to the placement in the line of sight, contrast etc. However, other similarly placed billboards caused no fixation of any driver. The same driver ignored many other billboards on route. This means that it is really difficult to find simple rules describing such behaviour because we do not know the driver's thought processes. Another interesting result for the same driver is presented in Fig. 6 . In this case the billboard of a relatively big angular size was placed centrally in the driver's field of view. A long perception occurred and the driver tried to read the descriptions on the billboard. This example might be defined as a cognitive riddle but another similar image did not attract attention. The next three examples illustrate a situation with high distraction by erotic content in a demanding traffic 5
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situation (female driver No.16). There were three similar billboards at the end of a T-shaped junction. In Fig. 7., Fig. 8., and Fig. 9 . we can see high distraction when the driver scanned all of the billboards. Finally, a difficult traffic situation occurs (Fig. 9.) with another vehicle crossing perpendicularly. The examples above clearly show that content and placement of advertisements may influence road safety. Two other drivers looked at this ad (one of three). A further observed phenomenon was multiplied fixations when the driver approached a billboard (Fig.10., Fig. 11.) . Fig. 10 . Fixation on billboard from a distance. Other strange billboards were ignored. Fig. 11 . Multiplied fixations on the same object (Fig. 10.) while ignoring the other.
This situation confirms significant distraction, sometimes caused by trying to read the text, and can be dangerous similarly to the previous example.
Summary
The tests described above had a preliminary and qualitative nature and their intention was to find the possible ways and reasons why outdoor advertisements influence driver behaviour. During a typical drive there are many factors influencing drivers' perception. Distraction by advertisements depends very strongly on their content but also on sensitivity of a given driver to such particular content. The location of the billboard is also important. It was observed that if the ad is close to the central point of the driver's field of view -and if it is attractive to him/her, it is watched more often (e.g. Fig. 10.) . The big number and high density of unusual billboards presented in the driving simulator environment significantly increase the time of perception in relation to real traffic for the same tested person. To obtain quantitative assessments significantly more tests would have to be conducted with longer times and more test persons. The costs of such tests may be restrictive. It may explain the inconclusive findings of other researchers [2-6,9,10,13]. The analysis of the results of above preliminary tests leads to the conclusion that for future tests the drivers should be carefully selected. Attention should be concentrated on drivers most sensitive to ads presence and content. Even if in normal traffic the percentage of such drivers is small, it is likely that they might be more exposed to accidents. The other result of the test is that drivers with more experience (e.g. professional drivers) might be less sensitive to ads as well as young drivers with less experience who are more absorbed with controlling the vehicle and observing the traffic (road signs, another vehicles). A similar situation applies to ad content which seems most important in conjunction with driver personality traits. It is not a simple task to prepare content that will attract all selected "advertisement sensitive" drivers. Nevertheless, the results of the tests show that the need is there and suggest guidelines for future tests. Using unusual ad content seems to be the right decision. The test has also confirmed that erotic content has a relatively more significant effect, however the matter is more complicated and the choice is not obvious. There was a significant dispersion of interests inside the tested group.
Conclusions
The highest influence on driver distraction comes from the content of advertising. Other significant factors include personality traits of the tested persons. Drivers were more commonly distracted by billboards close to the centre field of view. The illumination parameters look to be of less importance but need to be tested differently because the driving simulator has a low level of illumination and contrast. Further research is needed which should carefully preselect candidates and ad content. For this purpose carefully chosen personality tests and static computerized tests connected with eye-tracking device will be helpful. Additional factors of driver behaviour should also be measured such as speed changes, trajectory control etc. Driving scenarios can be adapted to different kinds of roads such as city and country roads or motorway. The greatest difficulty is controlling the experiment conditions. The results are highly sensitive to human behaviour, fatigue, training etc.
On the basis of the above tests no quantitative assessment is possible on the impact of ads on traffic safety. But a general observation can be very helpful with preparing future tests with a special focus on ad content. To obtain more adequate results of the influence of ads on road safety, testing conditions must be fixed. As the test showed some people (three of nearly 20) look at a really big number of ads.
Because tests with real drivers are costly and time consuming, a careful preparation of scenarios and selection of test persons is important for reliable findings for a moderate price. There are plans to conduct a more detailed analysis of fixations and saccades of registered data which might give some more information. But at this stage is it clear that it is difficult to find general rules or universal examples of ad content which may be used for all tested persons. Therefore more attention should be paid to a proper choice of test drivers who are "ads sensitive". Such an experiment cannot be repeated too many times because of the effect of habit.
